This is a case of a neonate born with a respiratory acidosis with a compensatory metabolic alkalosis. This case demonstrates placental physiology of gas exchange as well as the blunted ventilatory response in the neonate from chronic hypercapnia.
Introduction
Although it is common to care for infants who are born with a metabolic acidosis, it is distinctly uncommon to diagnose and manage an infant with an initial respiratory acidosis and an underlying compensatory metabolic alkalosis. This case report presents such an infant who was born to a mother with a chronic respiratory acidosis secondary to a long-standing anatomic abnormality causing a fixed airway obstruction.
Case A 35-week gestation baby boy was born to a 30-year-old primigravida mother via cesarean section secondary to severe preeclampsia. The mother presented at 32 weeks for her first prenatal visit to our obstetrics clinic. At that time, she complained of difficulty in breathing and was found to have diffuse wheezing. She was admitted to the labor floor for further evaluation. Maternal medical history included that the mother was born prematurely with a 3-month hospitalization, a maternal diagnosis of chronic bronchitis 6 years prior, and lifelong history of stridor. She admitted to smoking about 1 pack per day of cigarettes before pregnancy and about 1 to 3 cigarettes a day since. She denied alcohol or illicit drug use. Maternal family medical history included a sister with tracheostomy who was also born prematurely. Prenatal laboratory studies included a blood type of O þ , Hepatitis B surface antigen negative, rapid plasmin reagin negative, Rubella immune, Group B Streptococcus status unknown, and human immunodeficiency virus negative. On admission, the mother's physical examination was significant for decreased breath sounds with wheezing bilaterally, and oxygen saturations of 91 to 93% on room air, and no other signs of increased work of breathing. Her symptoms improved with nebulized albuterol treatments and oxygen therapy. A chest radiograph was clear. During the maternal admission, it was discovered that the mother had a chronic respiratory acidosis with metabolic compensation, bilateral vocal cord paralysis, cricoid narrowing with a fixed obstruction found on computed tomography angiogram and gestational hypertension. There was concern that her decrease in functional residual capacity during pregnancy in combination with her chronic hypercapnia during labor put her at great risk for labor and delivery. It was decided that she would undergo an elective tracheostomy at the time of delivery with plan for reversal postpartum and subsequent repair of the fixed obstruction. She ultimately developed severe preeclampsia and was delivered emergently via cesarean section with elective tracheostomy under spinal anesthesia. Her arterial blood gas before tracheostomy was a pH of 7.37, a pCO 2 of 57, a pO 2 of 86 and a bicarbonate of 33. Her initial arterial blood gas post tracheostomy was a pH 7.26, a pCO 2 of 79, a pO 2 of 232, a bicarbonate of 36 and a lactate of 1.5. Immediately before delivery her arterial blood gas was a pH of 7.14, a pCO 2 of 112, a pO 2 of 19 and a bicarbonate of 39. Postpartum her chronic hypercapnia gradually resolved and she was discharged home on postoperative day 7.
The baby emerged with a spontaneous cry and received Apgars of 9 at 1 minute of life and 9 at 5 minute of life. The infant was clinically well in the delivery room, and thus was initially transferred to the well-baby nursery. Within a short time after arrival, he was found to be dusky with oxygen saturations of about 50% on room air, which improved to 90% while on 100% oxygen via blow by. His respiratory rate was notably decreased at 22 to 30 breaths per minute with no evidence of any respiratory distress before and after the 100% oxygen was administered. He was transferred to the neonatal intensive care unit. On transport, he was noted to have intermittent episodes of desaturations with color change. On admission his O 2 sat was 96% on 100% blow by oxygen. His initial arterial blood gas in room air had a pH of 7.3, a pCO 2 of 76, a pO 2 of 60, a bicarbonate of 37 and a lactate of 2.1. He was immediately placed on room air bubble continuous positive airway pressure with a pressure of 6 cm H 2 0, which brought his oxygen saturation to >94%. Admission chest radiograph was read as consistent with transient tachypnea of the newborn or very mild hyaline membrane disease. Direct laryngoscopy was performed and showed no vocal cord paralysis. The follow-up arterial blood gas 3 h later demonstrated no change in his carbon dioxide or bicarbonate. He was then placed on nasal intermittent mandatory ventilation because of the assumption that he had a primary problem of ventilation. He continued to exhibit carbon dioxide retention with a metabolic compensation. His chemistry panel was Na 138, K 3.5, Cl 103, HCO 3 30, BUN 9 and Cr 0.6 on day of life 2. There was a slow decrease in the carbon dioxide over the next 21 h with the carbon dioxide decreasing to 55 torr at 22 h of age. We continued respiratory support until 3 days of life when the carbon dioxide had decreased to 38 torr and the bicarbonate to 25.
Discussion
Transplacental transfer of carbon dioxide depends on the carbon dioxide tension difference between the fetal and maternal venous circulation. This difference is usually about 5 to 10 torr with the fetal circulation having a higher pCO 2 than the maternal side, which aids in the passive diffusion of CO 2 across the placental membrane to the maternal uterine veins, where it is then carried to the lungs for excretion. Carbon dioxide is highly diffusible across the placenta and any respiratory disturbances in the mother leads to similar disturbances in the fetus. Therefore, maternal hypercapnia results in fetal hypercapnia. To maintain this feto-maternal gradient, umbilical venous pCO 2 must be higher than maternal uterine venous pCO 2 . 4 Fetal hypercapnia can also be caused by inadequate gas exchange in the placenta. 4 In acute respiratory acidosis, the decrease in maternal pH causes a shift of the oxygen dissociation curve to the right thus limiting binding of oxygen to fetal hemoglobin. This results in impaired fetal oxygenation and fetal hypoxia. 4 In this case, the maternal chronic respiratory acidosis was compensated with a metabolic alkalosis. The maternal pH (7.37 before tracheostomy) was normal and the pCO 2 (57) was elevated that, if anything, improves oxygen deliver and thus fetal oxygenation. In addition, the initial neonatal pH was within normal range (pH 7.3), which again supports fetal well-being. Furthermore, the fetal heart rate pattern before delivery showed a heart rate of 135 with moderate variation and accelerations. This demonstrates that the maternal hypercapnia had no adverse effects on fetal well-being as shown in Fraser et al.
5
The transfer of bicarbonate across the placental membrane is not completely understood in the human placenta. However, in the rhesus monkey, bicarbonate ions transfer across the placenta and thus metabolic disturbances of acid-base balance in the mother would lead to similar disturbances in the fetus. 4 In this case, the mother had a chronic compensatory metabolic alkalosis secondary to her chronic respiratory acidosis. In turn, the infant had an elevated bicarbonate level, which could be secondary to the maternal elevated bicarbonate that was transported via the placenta to the infant as seen in the rhesus monkey or secondary from the metabolic compensation from the infant's own chronic hypercapnia. However, there is no evidence to support this.
The infant in this case displayed hypoventilation in the newborn period with resulting hypercapnia and desaturations, which did not normalize until the third day of life. Studies have shown a moderate reduction in the hypercapnic ventilatory response in chronic hypercapnia. This plasticity persists only for a short period of time after the return of normocapnia. 2 Bavis et al.
2 examined the effects of perinatal hypercapnia on the respiratory control in the rats. The study demonstrated that the resting ventilation was not affected by the perinatal hypercapnia, however, the rats had more shallow breathing for at least 2 weeks after the exposure to hypercapnia. Normal breathing patterns and responses did not ensue until 5 to 6 weeks of age. The study also revealed that when breathing a mixture of 3% and 5% CO 2 , the hypercapnic rats at 2 weeks of age of normocapnia had a smaller increase in ventilatory response. Therefore, perinatal hypercapnia elicits plasticity in acute ventilatory responses in rats for a short period time but has no permanent effect on CO 2 sensitivity. 2 Birchard et al.
3 also observed blunting of the acute ventilatory response that persisted for 2 weeks after perinatal hypercapnia. This transient blunting of the ventilatory response after chronic hypercapnia may be attributed to the changes in hydrogen buffering capacity in the central nervous system. There is persistence of the elevated buffering capacity, which developed in utero as a consequence of the chronic hypercapnia. Thus, postnatal changes in pCO 2 cause smaller changes in central nervous system pH than would occur in the normal newborn and hence are less effective in stimulating the chemoreceptors and the ventilatory response. 2 In our case, the infant presented with a respiratory acidosis and a chronic metabolic alkalosis that gradually improved over the first few days of life. Initially in the well-baby nursery, he was hypoventilating with shallow breathing and a decreased respiratory rate. This likely resulted from the blunting of the hypercapnic ventilatory response similar to the response seen in the study by Bavis et al. 2 His gradual improvement to normocapnia within 2 days also mirrors the study done by Bavis et al., 2 however, in our infant the time to recovery was much shorter.
Renal metabolic compensation is an important response to chronic respiratory acidosis. During respiratory acidosis, the kidneys reabsorb bicarbonate, secrete chloride and excrete hydrogen ions to compensate for the acidosis. In the hypercapnic state, urine chloride is high and can lead to chloride depletion. The chloride bicarbonate exchanger is very important in the secretion of bicarbonate; if the luminal chloride is low this diminishes the gradient to excrete bicarbonate. 6 Given the above mentioned physiology our patient was specifically given intravenous fluids containing sodium chloride at birth and continued until he was on full feedings. The urine pH was 7.9 even on day of life 3, which reflects an appropriate response to a normalizing acid-base balance.
Conclusion
This is the first reported human case demonstrating the renal compensation and central ventilatory response to maternal chronic hypercapnia. These responses confirm the overall applicability of physiological data previously demonstrated in animal models.
